INTRODUCTION {#sec1-1}
============

Cancer is a metastasizing tumorous growth efficiency to invade adjacent tissues and it is an important health concern with increased toxic exposures which ultimately leads to cancer threat. Among, breast cancer (BC) is one the most important deadly disease on global health menace. It is a leading cause of morbidity and mortality among women globally with greater prevalence in the developed countries. In both developed and developing countries, the majority of the cancer death among women is due to BC, as commonly diagnosed malignancy. BC is characterized by physiological and cellular alterations through the growth of a tumor.\[[@ref1]\] Various enzymes, signaling proteins are involved in energy regulation in normal and cancerous cell physiology. Cancer cell alters the expression of different elements to achieve their basic needs for proliferation.

Cancer chemoprevention is described as the use of synthetic, biological, or natural chemical agents that suppress the development of neoplastic cell to a tumor in the early stage of carcinogenesis. There are several classes of cancer chemopreventive agents and some of them are blocking agents; they inhibit the cancer growth at the initial phase of chemically induced carcinogenesis.\[[@ref2]\] Cytochrome P450s (CYPs) are hemeproteins containing enzymes that play a vital role in the activation, metabolism, and detoxification of xenobiotics, including many drugs, toxins, endogenous and exogenous substances, and chemical carcinogens.\[[@ref3]\] The human CYP1 subfamily member mainly consists of CYP1A1, CYP1B1, and CYP1A2. All these CYP1A1 enzymes mainly take part in the metabolism of potential procarcinogens such as polycyclic aromatic hydrocarbons (PAH). CYP1A1 and CYP1B1are the two extrahepatic enzymes, which are involved in cancer initiation and progression of carcinogens while CYP1A2 mainly expressed in the liver.\[[@ref4][@ref5][@ref6]\] The majority of mammary tumors constitutively express CYP1A1 and CYP1B1,\[[@ref7]\] and the expression of CYP1A1 mainly controls mammary cancerous cell proliferation and survival as reported earlier.\[[@ref8]\]

The expression of CYP1A1 and CYP1B1 is mainly controlled through AhR, which is the member of basic Helix--Loop--Helix (bHLH)/Per--Arnt--Sim (bHLH/PAS) of a protein family.\[[@ref9]\] As AhR is a ligand-dependent transcription factor, after binding it moves to the nucleus and dimerizes in nuclear translocator. Then, it binds at the xenobiotic responsive elements to the DNA and it inhibits the transcription of AhR. In liver, mammary as well as lung cancer AhR, CYP1A1, and CYP1B1were earlier reported as a cancer promoter.\[[@ref8][@ref10][@ref11]\] Activated AhR promotes the invasiveness of tumor cells.\[[@ref12]\] On the other hand, various studies showed that AhR has also played a pivotal role in the normal physiology and growth of the various cell.\[[@ref13][@ref14][@ref15][@ref16]\] Earlier studies showed that the level of expression of AhR was upregulated in a mammary cancer cell as compared to control mammary cell.\[[@ref17]\]

Flavonoids are the class of natural compounds, possessing potential anticancer property.\[[@ref18][@ref19]\] Taxifolin (TAX) is a flavanonol subclass of flavonoid present abundantly in *Pinus Roxburghii*, *Taxus Chinensis*, and also in citrus fruits.\[[@ref20][@ref21]\] It has enormous biological activities such as anti-inflammatory, antiapoptotic, antidiabetic, and antioxidant activities.\[[@ref22][@ref23][@ref24]\] It has been reported to inhibit the proliferation of BC cells and cervical cancer cells *in vitro* in a dose-dependent manner due to its high antioxidant property.\[[@ref25][@ref26]\] The effect of TAX on the AhR pathway has not yet been explored in detail. This study was designed to investigate whether treatment of TAX downregulates the expression of AhR and so as CYP1A1 and CYP1B1 in *in vivo* BC model.

Initially, molecular docking studies were performed using Schrödinger Maestro 8.5 software package for evaluating the efficacy of TAX to inhibit AhR and cytochrome p450 metabolism (AhR and CYP antagonist activity). Further, we assessed the inhibitory activity of TAX on CYP1A1 and CYP1B1 in *in vitro* inhibition studies. Then, we investigated the chemotherapeutic effect of TAX against 7,12-dimethylbenz(a) anthracene (DMBA)-induced tumor initiation and progression in mammary glands of female Sprague-Dawley rats. Furthermore, the activities of AhR were assessed, which is a key regulator in controlling CYP1 expressions.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials {#sec2-1}
---------

The carcinogen 7, 12- DMBA and TAX were procured from Sigma-Aldrich (St. Louis, MO, USA). All other reagents used were of high purity analytical grade and purchased from the local commercial supplier.

Molecular docking of taxifolin on AhR, CYP1A1, and CYP1B1 {#sec2-2}
---------------------------------------------------------

The X-ray crystal structures of AhR which are a dimer (chain A, B) have tert-butyl benzoate analog (4KQ) as a co-crystallized ligand (PDB entry: 4GHI), CYP1A1 (PDB entry: 418V), and CYP1BI (PDB entry: 3PM0). Their co-crystallized ligands were downloaded from RCSB protein database (<http://www.rcsb.org>). Ligand preparation was done using Ligprep module (Schrodinger, Maestro 8.5). After the software validation by the re-docking method, TAX was docked into the active site of the AhR, CYP1A1, and CYP1B1 within the radius of 6.5A°. Maestro software is based on the constructive incremental algorithm. The docking scores and suitable binding patterns were reported compared with the reference ligands.

*In vitro* enzyme inhibition assay {#sec2-3}
----------------------------------

CYP1A1 activity was determined by a luciferase assay with CYP1A1 substrate luciferin-CEE (Promega, CA). The formed product from the reaction was determined by measuring the luminescence using MITHRAS luminometer equipment. In this, 100 mM potassium phosphate buffer (pH 7.4) was present in the incubation mixture. The stock solution of the TAX was of 1 mM (of pH 6.7). The final reaction volume was 100 μL. The inhibition assays were performed using eight different concentrations of TAX (0, 5, 10, 20, 40, 60, 80, 100 μM). Through luciferin-CEE luminogenic substrate, HCC microsomes with 22 pmol and the total CYP were preincubated with luciferin-CEE (60 μM) and with the respective TAX (different concentrations mentioned above) at 37°C for 30 min; then, NADPH generating system was added (5.8 mM isocitrate, 0.8 mM NADP+, 8 mM MgCl2, and 0.3unit/mL of isocitrate dehydrogenase), and the mixture was incubated for another 10 min. Then, the detection reagent was mixed with it and the reaction mixture was again re-incubated for another 20 min. Two different experiments were performed with triplicates which did not reveal any difference by more than 10%. The inhibitory activity of CYP1A1 was assessed by plotting the remaining activity against inhibitor concentrations.

Experimental animals, carcinogenic induction, and study design {#sec2-4}
--------------------------------------------------------------

Female Sprague-Dawley (SD) rats (50--55 days old) were taken from our central animal facility, Birla Institute of Technology, Mesra, Ranchi, Jharkhand, India (Reg. No. 621/02/ac/CPCSEA). All the studies were carried out on the animals after approval by the Institutional Animal Ethics Committee (IAEC) with protocol approval no. BIT/PH/IAEC/13/2013. All the experimental rats were accommodated in separate cages, maintained with standard laboratory conditions (relative humidity 60 ± 5%, temperature 25 ± 1°C, and12 h dark and light cycle) throughout the experimental period. These animals were given to eat with pellet diet and water *ad libitum*. Before starting the experiment, all the experimental animals were acclimatized for a week.

Tumor induction and treatment protocol {#sec2-5}
--------------------------------------

Mammary tumor induction was carried out by the carcinogen DMBA using "air pouch technique" method,\[[@ref27][@ref28]\] with slight modification as required. A volume of 2--3 ml of sterile air was inserted subcutaneously, just below the second and third mammary glands, so that it produces an air pouch containing sterilized air. After 24 h, a single dose of DMBA (20 mg) in olive oil (0.5 ml) was vortexed in a stirrer, to get a uniform suspension and was carefully inserted into the air pouch.

All the experimental animals were divided into five different groups, and in each group, ten animals were included in the study. Group I: Control animals (normal), these animals received only (0.5 ml) olive oil in air pouch. Group II: Induced control animals, they were administered with DMBA (20 mg) with olive oil (0.5 ml) in the air pouch only. Group III, IV, and V: These animals were treated with TAX at the dose level of 10, 20, and 40 mg/kg b. w/day (i. p.), respectively, for 28 days, along with Group II of DMBA induction.

Tumorigenesis assessment {#sec2-6}
------------------------

On a weekly basis, all rats were palpated to observe the beginning of tumourigenesis and the location of the tumor was monitored and checked after the process of induction. At the end of 90 days of DMBA-inducted duration, the tumor growth was excessively grown. Then, the animals were treated with TAX in different doses for 28 days. Each group of the experimental animals was weighing every week. The changes in the weight of the body were also recorded.

After the 118 days (90 + 28) of the experimental period, all animals were starved overnight. Afterward, animals were sacrificed by cervical decapitation and perfuse. Breast tumors of all the groups of animals isolated and washed with ice-cold normal PBS (phosphate-buffered saline, PH 7) to remove the blood stains and homogenized in PBS at 4°C. Fractions of mammary tumor sections were preserved instantly for mRNA and protein analysis using a standard protocol.

Effect of taxifolin on AhR, CYP1A1, and CYP1B1 mRNA expression through reverse transcription-quantitative polymerase chain reaction {#sec2-7}
-----------------------------------------------------------------------------------------------------------------------------------

To measure the level of mRNA, a reverse transcription-quantitative polymerase chain reaction (RT-qPCR) assay was used. In all groups of the animals, total cellular RNA was isolated from the breast tissue cells using TRIzol reagent® (Sigma-Aldrich, Bengaluru). After this, they were purified by the addition of a mixture which consists of the following reagents: DDW (150 μL), 3M sodium acetate (20 μL), glycogen (8 μL), and absolute ethanol (600 μL). For cDNA synthesis, the mixture of the RNA (1 μg) was keeping it aside at-80°C for 2 h. After this it was centrifugated it at 4°C for 15 min at 13000 rpm, to get a purified RNA. We have to follow the conditions that were recommended by the manufacturer\'s protocol; initially, strand cDNA was synthesized with 1 μg of oligo-DTTP and total RNA sample through cDNA Synthesis Kit (Bio-Rad RT-PCR Kit). The similar quantity of cDNA was subsequently amplified in a 20 μl reaction, by particular primers. PCR reaction was carried out with 2x SYBR qPCR Master Mix (Kapa-Biosystems). The qPCR was carried out using the subsequent sense and antisense, i. e., forward and backward primer sequence: Sense 5'-GCCAGGACCAGTGTAGAGC-3' (Location: 287-305) and antisense 5'-ATTCAGCGCCTGTAACAAGAA-3' (Location: 363-343) for AhR and sense 5'-GACCCTTACAAGTATTTGGTCGT-3' (Location: 565-587) and antisense 5'-GGTATCCAGAGCCAGTAACCT-3' ((Location: 709-689)) for CYP1A1 and sense 5'-ACGACGATGCGGAGTTCCTA-3' (Location: 647-666) and antisense 5'-CGGGTTGGGAAATAGCTGC-3' (Location: 759-741) for CYP1B1 and sense 5'-CTGGAATTATGAGTG CCCCAAA-3' (Location: 135-156) and antisense 5'-ACGACTGTACT GAAGACAAAGC-3' (Location: 329-308) for GAPDH. The cycling conditions of each PCR cycle are as follows for Ahr, CYP1A1, CYP1B1, and GAPDH. One cycle for 3 min at 95°C, this is followed by 39 cycles for 10 s at 95°C and 58°C for 30 s for denaturation. The amplification of PCR was confirmed by the presence of a single peak (60.0-95°C, increment 0.5°C for 0.05). Every time RT-qPCR experiment was repeated more than two times. For this, GAPDH was used as internal control.

Western blot analysis of AhR, CYP1A1, and CYP1B1 in mammary tissues {#sec2-8}
-------------------------------------------------------------------

Breast tissue sections from all the experimental groups of animals were stored in liquid nitrogen at −80°C and they were rinsed with PBS (phosphate-buffered saline) at least three times and lysed for 10 min in ice cold (500 μL) with buffer which consist of sucrose (0.5 M), NaCl (50 mM), ethylenediaminetetraacetic acid (EDTA; 0.1 mM), 10 mM HEPES (pH 7.9), 1 mM dithiothreitol (DTT), triton (0.5%), 1 mM phenylmethylsulfonyl fluoride, phosphatase inhibitor (5 μL), and protease inhibitor (5 μL) cocktails. The extract of cytoplasmic cell lysate was separated through centrifugating the cell lysate for 10 min at 4°C in 1000 rpm to get a clear cytoplasmic fraction of protein and then it was stored at −80°C. Afterward, the saline buffer (500 μL) which consists of NaCl (500 mM), EDTA (0.1 mM), NP40 (0.1%), DTT (1 mM), HEPES (10 mM) at PH 7.9 and protease inhibitor (5 μL), and the cocktail of the mixture was added and it was vortexed at 4°C for almost 15 min; then, the nuclear extract was again centrifuged for 10 min at 14,000 g (4°C) and stored it at −80°C. The estimation of protein concentration was carried out through Bradford protein assay. Afterward, an equal quantity of samples of protein was subjected to separate through sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Then, the separated proteins were transferred to a nitrocellulose membrane (Millipore) electrophoretically. The nonspecific binding sites of the blots were then blocked with blocking buffer which consists of nonfat dry milk (5% w/v) in Tris-buffered saline-Tween-20 (TBST) for 1 h at room temperature. Afterward, blots were incubated over a night with a specific primary antibody at 4°C; then, the mixture of a solution was further washed three times in TBST at 5 min interval each. After this, the blots were again re-incubated with secondary antibody (HRP-conjugated) at room temperature for 1 h. By the help of chemiluminescent system (Thermo Fisher Scientific) membranes were developed and obtained a film-like strip (CL-Xposure, 8 × 10 in). The following primary antibodies were used (at the indicated dilutions): AhR, CYP1A1, CYP1B1, and β-actin (Cell Signaling Technology, USA, and dilution 1:500) in BSA (5%w/v) at TBST. The optical density, i. e., densitometry analysis of the protein band was measured through Image-J software (NIH, Washington, USA). β-actin was used as internal controls for AhR and CYPs assessment.

Statistical analysis {#sec2-9}
--------------------

Statistical comparisons of the data in between control, induced (control), and treatment group of animals were carried out with GraphPad Prism software by one-way ANOVA, followed by Bonferroni\'s multiple comparison tests with similar no of sample size. The level of significance was measured at *P* \< 0.05. Data were represented as mean ± standard error of the mean.

RESULTS {#sec1-3}
=======

Molecular docking and binding pattern analysis {#sec2-10}
----------------------------------------------

The apparent action of the drug to activate or inhibit a particular target of protein in CADD was mainly based on the docking score. Before the docking with TAX, the co-crystallized ligand of the receptor AhR (PDB: 4GHI) was re-docked to authenticate the reliability of the method. A docking score of -11.35 on AhR, -11.31 on CYP1A1, and -9.90 on CYP1B1 was observed with TAX. Molecular scaffold and binding pattern of TAX with AhR (PDB: 4GHI), CYP1A1 (PDB: 418V), and CYP1B1 (PDB: 3PM0) was represented in \[Figure [1a](#F3){ref-type="fig"}--[f](#F3){ref-type="fig"}\], respectively. The interacting amino acids, which are present at the active sites of protein structures, are as follows. Results indicated that TAX showed a potentiated binding interaction with AhR forming hydrogen bond with Ser246, His248, and hydrophobic interaction with Phe254, Tyr281, Met309, Phe280, Tyr307, and with CYP1A1 forming hydrogen bond with Asp313, Asn255, Asp320 and hydrophobic interaction (Phe224, Phe123, Phe258, Leu254), and with CYP1B1 forming hydrogen bond with Asn228 and hydrophobic interactions with Phe231, Leu264, Phe134, Ala133, Phe268 amino acids, respectively, on the active site. These all interactions proposed strong binding of TAX to the respective receptors and suggested its activity on these selected receptors.

![Molecular docking analysis of reference ligand and taxifolin where (a) interaction of AhR with reference ligand (molecular scaffold), (b) interaction of AhR with taxifolin (molecular scaffold). (c) Interaction of CYP1A1 with reference ligand (molecular scaffold) and (d) interaction of CYP1A1 with taxifolin (molecular scaffold). (e) Interaction of CYP1B1 with reference ligand (molecular scaffold); (f) interaction of CYP1B1 with TAX (molecular scaffold)](PM-13-749-g003){#F3}

Taxifolin-inhibited CYP1A1 *In vitro* {#sec2-11}
-------------------------------------

CYP1A1 is the enzyme which is actively involved in the activation of DMBA-induced carcinogenesis in BC. We know that DMBA itself may enhance the expression of these CYPs through transcription. Hence, we tested whether the TAX could affect the inhibition of CYP1A1. The activity was determined by a luciferase assay with CYP1A1 substrate luciferin-CEE (Promega, CA), as shown in [Figure 2e](#F4){ref-type="fig"}. The treatment with TAX inhibited the CYP enzyme activity with an IC~50~ value of 20 μM.

![(a) Treatment protocol for *in vivo* studies. (b) Tumorigenesis assessment in control and taxifolin-treated experimental animals. Isolated tumor tissue from all cancer bearing treatment groups; (c) tumor volume in all treatment groups. (d) Effect of taxifolin treatment on body weight in cancer-inducing animals. Data represented as mean standard error of the mean (*n* = 10); where \*\*\**P* \< 0.001; \*\**P* \< 0.01; \**P* \< 0.05; nsp \> 0.05; Group II - 7,12-dimethylbenz(a) anthracene (20 mg); Group III - 7,12-dimethylbenz (a) anthracene (20 mg) + taxifolin (10 mg/kg b. w.); Group IV - 7,12-dimethylbenz (a) anthracene (20 mg) + taxifolin (20 mg/kg b. w.); Group V - 7,12-dimethylbenz(a) anthracene (20 mg) + taxifolin (40 mg/kg b. w.). (e) Effect of TAX on CYP1A1 inhibition *in vitro*. CYP1A1 activity was determined by a luciferase assay with CYP1A1 substrate. All experiments were performed in triplicate. Bars indicate mean ± standard deviation \* *P* \< 0.05 versus the control](PM-13-749-g004){#F4}

Taxifolin reduced the tumor volume and body weight of 7,12-dimethylbenz(a) anthracene-induced mammary cancer {#sec2-12}
------------------------------------------------------------------------------------------------------------

As the administration of DMBA in SD rats starts, it consistently and gradually produced a tumor. The tumors become measurably more or less 2 weeks after induction. Consequently, the size of the tumor doubled weekly, it is represented in [Figure 2a](#F4){ref-type="fig"}. Tumor promotional phase is a reversible phase in the multistage carcinogenesis so that it is one of the most appropriate phases to slow down or reverse the carcinogenesis process. There was a significant tumor growth phase in the Group II BC-induced rats up to 90 days of tumor induction when it was compared with normal control groups. In the TAX-treated rats (Group III, IV, and V), the size of the tumors gradually declined in size as the doses of the TAX increase when it was compared with Group II cancer-induced group. However, there was a significant (*P* \< 0.01) regression of tumor volume in all the treated groups, as shown in Figure [2b](#F4){ref-type="fig"} and [c](#F4){ref-type="fig"}. However, analysis of tumor growth has revealed that TAX-treated rats significantly inhibited the tumor size in DMBA-induced BC.

The alteration in body weight of control, DMBA, and TAX-treated groups during the study period was represented in [Figure 2d](#F4){ref-type="fig"}. The control (Group I) animals showed an increase in body weight during (90 + 28) 118 days of study, whereas cancer-induced untreated animals showed a decrease in body weight gradually and a significant (*P* \< 0.001) decrease was recorded as compared to control animals (Group I). When treated with TAX (Group III, IV, and V), animals revealed an increase in body weight as compared to Group II animals in a dose-dependent fashion.

Taxifolin changed the mRNA expressions of AhR, CYP1A1, and CYP1B1 in cancer-bearing Sprague-Dawley rats {#sec2-13}
-------------------------------------------------------------------------------------------------------

We examined the effectiveness of TAX on AhR, CYP1A1, and CYP1B1 mRNA expressions in mammary tumor cells, which were assessed through RT-qPCR analysis and were represented in Figure [3a](#F5){ref-type="fig"}--[c](#F5){ref-type="fig"}, respectively. There was a significant (*P* \< 0.001) increase in the AhR and CYPs-mRNA expressions in the cancer-inducing animals (Group-II) as compared with normal control (Group I). The mRNA expressions were reduced significantly in the treatment group of animals (Group III, IV, and V) as compared to induced control animals, i.e., TAX efficiently restored the changes toward normal in a dose-dependent manner.

![Effect of TAX on mRNA expressions of AhR, CYP1A1, and CYP1B1 in mammary carcinogenesis animals. RNA was extracted from breast tissue and the analysis of reverse transcription-quantitative polymerase chain reaction was carried out with specific primer sequences for AhR (a), CYP1A1 (b), CYP1B1 (c), and GAPDH (control). Relative expressions were expressed as fold induction above control after normalization; each column represents the mean standard error of the mean (*n* = 3), \*\*\**P* \< 0.001; \**P* \< 0.05 when compared with control. Group I - Control; Group II - DMBA (20 mg); Group III - DMBA (20 mg) + TAX (10 mg/kg b. w.); Group IV -- DMBA (20 mg) + TAX (20 mg/kg b. w.); Group V - DMBA (20 mg) + TAX (40 mg/kg b. w.). TAX: Taxifolin, DMBA: 7,12-dimethylbenz(a) anthracene](PM-13-749-g005){#F5}

Taxifolin altered the protein expressions of AhR, CYP1A1, and CYP1B1 in carcinogenic tissue {#sec2-14}
-------------------------------------------------------------------------------------------

To examine the changes of protein expressions of CYP1A1 and CYP1B1 with its liable protein AhR, Western blot analysis was carried out in the samples of mammary tissue of all groups of animals. The results were depicted in Figure [4a](#F6){ref-type="fig"} and [b](#F6){ref-type="fig"}. A significant (*P* \< 0.001) elevation in the expression of AhR protein with simultaneously upregulation of CYP1A1 and CYP1B1 expressions which were observed in the DMBA-induced tumor animals (Group II) as compared with normal control (Group I) animals. The expressions of AhR protein were downregulated considerably in all treated groups of animals (Group III to V) in a dose-dependent manner when it was compared with cancer-induced (Group II) animals.

![Effect of TAX on protein expression of AhR, CYP1A1, and CYP1B1. Western blot analysis of AhR (B), CYP1A1 and CYP1B1 (A) expression in cytoplasmic fraction of the DMBA-induced mammary cell extracts with or without TAX; the relative phosphorylation levels normalized with the ß-actin and converted to fold induction above the control value as shown in adjacent bar diagrams. Each column represents the mean standard error of the mean (*n* = 3); \*\*\**P* \< 0.001; \*\**P* \< 0.01; \**P* \< 0.05 as compared to control. Group I - Control; Group II - DMBA (20 mg); Group III - DMBA (20 mg) + TAX (10 mg/kg b. w.); Group IV - DMBA (20 mg) + TAX (20 mg/kg b. w.); Group V - DMBA (20 mg) + TAX (40 mg/kg b. w.). TAX: Taxifolin, DMBA: 7,12-dimethylbenz(a)anthracene](PM-13-749-g006){#F6}

DISCUSSION {#sec1-4}
==========

The several hormone-mediated cancers such as breast, prostate, endometrial, and ovarian cancers have prominent prevalence rates worldwide. BC is one of the most deadly disorders among women worldwide. Studies reported that several factors are responsible for this disease such as environmental toxic xenobiotics, endogenous and exogenous estrogen-induced expression of CYP1A1, CYP1B1, and CYP1A2 enzymes. DMBA is reported to be as procarcinogen and required its metabolic conversion into carcinogen metabolite (DMBA-3, 4-dihydrodiol-1, 2-epoxide) through CYP1A1 or CYP1B1.\[[@ref29][@ref30]\] DMBA may stimulate these CYPs by AhR-mediated transcriptional activation into its reactive metabolites. Our findings revealed that TAX inhibited the induction of CYP1A1 activity through luciferase activity *in vitro*. Similar CYP inhibition was reported earlier, with other flavonoids such as curcumin\[[@ref31]\] and eugenol.\[[@ref32]\]

After the introduction of carcinogenesis, cancer cells gradually divide and grow in number resulting in massive tumor burden. Rapid growing neoplastic cells modify different metabolic pathways which were mainly involved in cytochrome p450 enzyme and other energy regulation to fulfill the basic requirements for proliferation. Among, the various experimental animal models used for examining the various aspects of breast carcinogenesis and chemical carcinogen, i.e., DMBA-induced BC in SD rats is one of the important models mainly utilized, which closely resembles with human BC.\[[@ref33]\]

In carcinogenesis, abnormality in various intermediate pathways brings molecular changes, activation and overexpression of several enzymes, and proteins involved in CYPs synthesis. Recently, inhibition of CYPs in tumor cells has gained a research interest. DMBA can activate the CYPs by AhR-mediated transcription activation into respective reactive metabolites responsible for carcinogenesis.

In this study, we evaluated the inhibitory effect of TAX on AhR and tried to correlate the antitumor or chemotherapeutic potential for TAX with the regulation CYPs in DMBA-induced BC in SD rats. It was verified from our docking studies that TAX can efficiently bind to AhR receptor on the same pocket as that of tamoxifen, which might predict its inhibitory activity on AhR.

The docking results showed a high chance of TAX to inhibit the AhR receptor and CYPs, which were further justified on the basis of *in vitro* inhibition, *in vivo* mRNA, and protein expressions of CYPs and Western blot analysis of AhR, respectively. Thus, we proposed to find the efficiency of TAX on CYPs in an *in vivo* BC model. Furthermore, it was shown from the results that TAX-induced inhibition of CYPs in BC inducing animals slows down the cancer progression by downregulating the expression of AhR.

AhR transferred to the nucleus on ligand binding followed with dimerization with the AhR nuclear translocator and subsequent binding to the DNA at the xenobiotic responsive cascades to inhibit AhR transcription target genes.\[[@ref34]\] Moreover, quercetin and curcumin as natural polyphenol macromolecules exhibited the similar interaction with AhR\[[@ref35]\] as that of TAX. The influence of TAX on the AhR pathway has not been well established at molecular level comprehensively. The study revealed that TAX mediated inhibition of AhR, CYP1A1, and CYP1B1 expressions in BC tissue.

The previous study revealed that treatment with the AhR-ligand, the carcinogen (DMBA) enhanced CYP1A1, CYP1B1, and also the levels of protein in BC cells. CYP1A1 and CYP1B1 enzymes were extremely expressed in mammary cancer.\[[@ref7]\] Our findings also revealed that treatment of TAX remarkably suppressed the CYP1A1 and CYP1B1expression in mammary tumors. Hence, the reduced expression of CYP1A1 and CYP1B1 by TAX can also play an important role to prevent breast tumor initiation and development. Due to unusual AhR activation either through endogenous or exogenous stimulation, it can disturb the different biological and pathological processes such as metabolism, differentiation, proliferation, apoptosis, and angiogenesis, and these can cause the initiation and progression of cancer.\[[@ref11]\] Due to the toxic exposure, PAH is involved in different types of cancer in the humans as well as animals and it was mediated mainly by AhR.\[[@ref11]\] Our study revealed that TAX has the ability to downregulate the expression of AhR and so as to suppress the CYP1A1 and CYP1B1 mRNA expressions. Conclusively, AhR played a vital role in the regulation of CYPs. Our results also indicated that TAX can bring substantial inhibition on AhR protein expressions which are a prerequisite for CYP expressions.

CONCLUSION {#sec1-5}
==========

This study reports that the chemotherapeutic potential of TAX, a flavonoid, strongly suppresses inducible CYP1A1 and CYP1B1 expressions. The reduced expression of these enzymes by TAX was mediated by the downregulation of AhR expressions of DMBA-induced mammary gland carcinogenesis in SD rats. In the pursuit of positive contributions toward safe and less toxic chemotherapy, this study focuses primarily on the chemotherapeutic aspects of TAX in treating BC. The secondary purpose of this study is to establish and show through experiment that TAX has a definite potential to act as a chemopreventive agent and may be used against CYP1A1- and CYP1B1-mediated progression of invasive BC.
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